. Apnea and periodic breathing in bed-sharing and solitary sleeping infants. J. Appl. Physiol. 84(4): 1374-1380, 1998.-Mother-infant bed sharing, compared with the solitary sleeping condition, has recently been associated with several physiological and behavioral effects. Because the physiological effects of bed sharing may also include respiratory changes, we compared the incidence of central and obstructive apneas and periodic breathing in bed-sharing and solitary sleeping infants. Twenty routinely bed-sharing mother-infant pairs and fifteen routinely solitary sleeping pairs slept for 3 nights in a sleep laboratory. After an initial adaptation night, each pair spent 1 night bed sharing and 1 night in solitary sleep in random order. Apnea and periodic breathing were scored from polysomnographic recordings. The frequency of central apnea was significantly increased on the bed-sharing night, compared with the solitary night, regardless of routine sleeping arrangement. There were significantly fewer obstructive apneas on the bed-sharing night than on the solitary night, but only in routinely solitary sleeping infants. In both groups, there was a significantly higher frequency of periodic breathing events on the bedsharing night than on the solitary night. These findings demonstrate that the bed-sharing environment can have a significant impact on respiratory control in the infant. Evidence is also presented to suggest that routine bed sharing may result in subtle neurophysiological and/or developmental differences in infants. infant central apnea; sudden infant death syndrome; cosleeping INFANT SLEEP PHYSIOLOGY, like all biological systems, was designed by the process of natural selection in which the success of individuals is determined by their interaction with the environment. Anthropological and ethnographic studies indicate that the sleeping environment within which human (and other primate) infants adapted and evolved was that of parent-infant cosleeping. Lozoff and Brittenham (20) scored ethnographic and behavioral data from 186 tropical, nonindustrialized societies to infer the characteristic pattern of child care. Parent-infant cosleeping was shown to be the sleeping arrangement for 100% of the hunter-gatherer groups and 76% of the other nonindustrialized societies. Tropical hunter-gatherer societies are considered to be ecologically, and therefore adaptively, similar to prehistoric hominids. Based in part on these observations, cosleeping is accepted by anthropologists to represent the sleep environment of prehistoric humans and hominids (5, (16) (17) (18) . Furthermore, cosleeping is not just interesting from an evolutionary perspective, it remains today the species-typical behavior for most of the world's human population (2, 16). Despite this, assimilation of this basic human behavior into physiological or behavioral studies of infant sleep has not occurred. Instead, infant sleep research has been modeled exclusively on the recent Western cultural practice of solitary sleeping, i.e., placing infants in a room alone.
INFANT SLEEP PHYSIOLOGY, like all biological systems, was designed by the process of natural selection in which the success of individuals is determined by their interaction with the environment. Anthropological and ethnographic studies indicate that the sleeping environment within which human (and other primate) infants adapted and evolved was that of parent-infant cosleeping. Lozoff and Brittenham (20) scored ethnographic and behavioral data from 186 tropical, nonindustrialized societies to infer the characteristic pattern of child care. Parent-infant cosleeping was shown to be the sleeping arrangement for 100% of the hunter-gatherer groups and 76% of the other nonindustrialized societies. Tropical hunter-gatherer societies are considered to be ecologically, and therefore adaptively, similar to prehistoric hominids. Based in part on these observations, cosleeping is accepted by anthropologists to represent the sleep environment of prehistoric humans and hominids (5, (16) (17) (18) . Furthermore, cosleeping is not just interesting from an evolutionary perspective, it remains today the species-typical behavior for most of the world's human population (2, 16) . Despite this, assimilation of this basic human behavior into physiological or behavioral studies of infant sleep has not occurred. Instead, infant sleep research has been modeled exclusively on the recent Western cultural practice of solitary sleeping, i.e., placing infants in a room alone. It is not yet known whether the cultural transition to solitary sleep is associated with positive, negative, or neutral adaptive consequences in the infant.
Parent-infant cosleeping occurs in different forms with varying degrees of parental proximity and contact, including bed sharing (same bed or sleeping surface) and sleeping on separate surfaces in the same room. In addition, the consistency of cosleeping can vary widely, ranging from all night every night to occasional or partial-night cosleeping. Of the various forms of cosleeping, bed sharing is the most different from solitary sleeping because of the greatly enhanced auditory, olfactory, visual, tactile, and thermal stimuli resulting from the close proximity to the parent(s). Recently, several physiological and behavioral consequences of bed sharing were reported. While bed sharing, infants had less stage 3-4 sleep (analog of quiet sleep) and more stage 1-2 sleep than when they slept alone (27) . Bed sharing was associated with more frequent arousals in both mother and infant, many of which temporally overlapped (25, 26) . Prone infant positioning was minimized during bed sharing, and mother-infant pairs typically slept oriented face to face at very close proximities (29) . In addition, breast feeding was significantly increased during bed sharing in both routinely bed sharing (since birth) and routinely solitary sleeping infant groups (21) . Considering current ideas on the mechanisms of and risk factors for the sudden infant death syndrome (SIDS), we hypothesized that the effects of bed sharing may provide some degree of protection through increased infant arousability, facilitation of breast feeding, reduction in prone sleeping, and/or increased maternal vigilance (22) . This idea has been challenged by Mitchell et al. (24) , who reported epidemiological data suggesting that bed sharing may increase SIDS risk, although subsequent analyses greatly reduced the scope of the association (see DISCUS-SION).
Because defective cardiorespiratory control probably plays an important role in events leading to at least some SIDS deaths, understanding how environmental manipulations and caretaking practices affect infant respiration could be critical to developing strategies to reduce SIDS susceptibility. The present study compares the occurrence of apnea and periodic breathing in the bed-sharing and solitary sleeping environments in healthy infants at the peak age for SIDS.
METHODS
Thirty-five healthy, breast-feeding, Latino mother-infant pairs were recruited from the University of California, Irvine, Birthing Center during their 6-to 12-wk postpartum visits to spend 3 consecutive nights in a clinical sleep laboratory. All met criteria for either routinely bed sharing (RB; n ϭ 20) or routinely solitary sleeping (RS; n ϭ 15) since birth. RB was defined as bed sharing with the mother for at least 4 h per night, 5 days a week; RS was defined as bed sharing not more than one night per week for any part of the night. Two-week sleep logs were completed at home just before the sleep recordings to confirm maternal reports of the infants' usual home sleep environment. Mothers were screened to exclude subjects who smoked or used alcohol or drugs, either currently or during pregnancy, or had abnormal pregnancies or deliveries. Pairs were recorded when the infants were between 11 and 15 wk old. Infants were screened to exclude subjects born at Ͻ37 wk of gestation, under 2,500-g birth weight, with a history of prolonged apnea or an apparent life-threatening event, with siblings or primary relatives who were victims of SIDS, or with 5-min Apgar scores of Ͻ8. Both mother and infant were seen by a physician to ensure that they were healthy at the time of the recordings. The mothers were also screened for sleep disorders by a physician trained in sleep medicine. All procedures were approved by the institutional human subjects committee, and all mothers signed informed consents for themselves and their infants.
Each pair spent the first night in their routine (home) sleeping condition, which served as an adaptation night. On the remaining 2 nights, each pair had a bed-sharing night (BN) and a solitary night (SN), randomly ordered, to allow within-subjects comparisons. Both members of each pair were recorded nightly using standard polysomnography consisting of electroencephalogram, electrooculogram, chin electromyogram, respiratory airflow and effort, electrocardiogram (Grass Instruments, Quincy, MA), and infrared video. Mothers and infants went to bed and arose at their normal times. Mothers performed all care-taking interventions themselves and were not instructed on infant sleep positioning, feeding schedules, or the specific aims of the study. Infant sleep was scored manually in 30-s epochs for wakefulness and three sleep stages [1-2, 3-4, and rapid eye movement (REM)] according to the Guilleminault and Souquet (9) system developed for the 3-mo-old infant. Central apnea was scored when there was an absence of airflow accompanied by an interruption in respiratory effort lasting Ն3 s. Obstructive apnea was scored when there was an absence of airflow of Ն3 s despite respiratory effort. In addition, central or obstructive apneas that were associated with an arousal were tabulated. An arousal associated with an apnea could be either an epochal wakening (stage scored as wakefulness) or a Ն3-s transient arousal (25, 34) and could either precede or follow the apnea. Apneas followed by an arousal are of particular clinical interest and were partitioned for further analyses. Periodic breathing was scored when there were at least three central apneas within 20 s with no more than 10 s separating two consecutive apneas. Apneas meeting criteria for periodic breathing were not included in the analysis of central apneas.
Statistical analyses were directed at determining whether the sleep environment affected any feature of apnea or periodic breathing (i.e., frequency, mean duration, or longest occurrence) either acutely (BN vs. SN) or habitually (RB vs. RS). Frequencies were computed as the number of events per hour of total sleep time (overall frequency) or per hour of a given sleep stage. Mean and longest durations also were analyzed as a function of sleep stage and as overall totals. Central apneas were analyzed with a 2 ϫ 2 repeatedmeasures ANOVA. However, because some infants did not exhibit obstructive apnea or periodic breathing, these variables were nonnormally distributed and showed unequal variances, precluding the use of parametric tests. For those data sets, a Wilcoxon signed-ranks test was used to assess night effects (BN vs. SN) and a Mann-Whitney U-test was used to assess group effects (RB vs. RS). In addition, the two groups were compared in their routine conditions, i.e., RB on the BN (RB-BN) vs. RS on the SN (RS-SN): t-tests were used for the parametric data sets and the Mann-Whitney U-test was used for nonparametric data. These comparisons were included to assess how the data from habitually bed-sharing infants compared with published normative data (i.e., using solitary sleep environment). Central and obstructive apneas also were partitioned by duration into 3-s bins (3-5.9, 6-8.9, 9-11.9, 12-14.9, and Ն15 s) to assess whether any differences in the occurrence of apnea were confined to shorter or longer apnea. These binned data were analyzed with nonparametric tests. Significance was assigned when P Ͻ 0.05.
RESULTS
Analysis of the sleep logs covering the 14 days preceding the recordings confirmed that RB pairs met criteria for routine bed sharing and that RS pairs met criteria for routine solitary sleeping; RB pairs bed shared on an average of 13.7 Ϯ 0.5 (SD) nights, whereas RS pairs bed shared 0.6 Ϯ 0.9 nights. There were no differences in age between the two groups of infants at the time of recording. RB infants consisted of 11 males and 9 females and were an average of 13.0 Ϯ 1.3 wk old at the time of the recording; RS infants consisted of 4 males and 11 females and were 12.9 Ϯ 1.3 wk old.
Central apnea. Analysis of central apnea with ANOVA revealed no significant differences in the mean duration or longest occurrence between nights or groups. For apnea frequency, however, there were significant main effects for the night (within subjects) comparisons where there were increases on the BN in the overall frequency of central apnea due to significant increases in the frequency during stages 1-2 and REM. There were no significant main effects for group (between subjects) or interaction effects. The means Ϯ SE for the frequency data are illustrated in Fig. 1 . Comparisons of the two groups in their routine conditions (RB-BN vs. RS-SN) showed no significant differences for any sleep stage, although the differences for stages 1-2 and REM approached significance (P Ͻ 0.10). However, when the data were pooled across sleep stages, there was a significantly higher frequency of central apnea in the RB-BN group than in the RS-SN group (P ϭ 0.035).
The number of infant central apneas associated with an arousal, either preceding or after the apnea, was expressed as a percentage of all central apneas for analysis. There were no significant differences in the occurrence of these apnea-arousal events between nights or groups. When only central apneas preceding an arousal were analyzed, there were again no differences between groups or nights.
Partitioning apneas by duration produced different results for the RB and RS groups (see Table 1 ). In the RS infants, there were significantly more of the short-est central apneas (3-5.9 s) on the BN, compared with the SN, during stage 1-2 (P ϭ 0.035). In the RB infants, there were significantly more apneas of 6-8.9 s on the BN during REM and overall (P ϭ 0.003 and P ϭ 0.017, respectively) and more apneas of 9-11.9 s during stage 1-2 (P ϭ 0.009). However, in RB infants, there were fewer apneas of 9-11.9 s during stage 3-4 on the BN than the SN (P ϭ 0.014). No significant effects were found for central apneas of 12-14.9 s, and apneas of Ͼ15 s were not analyzed because of their infrequent occurrence (5 of 20 RB infants, 3 of 15 RS infants).
Obstructive apnea. Nonparametric analyses indicated that obstructive apnea was decreased on the BN compared with the SN, but only in the RS infants (Fig. 2) . The frequency was lower for the overall total and for stages 1-2 and REM. In contrast, RB infants showed no significant difference in frequency of obstructive apnea between the BN and the SN. There were no significant differences in apnea frequency or mean duration between the RB infants on their BN and the RS infants on their SN, either overall or for any given sleep stage. Analysis of the percentage of obstructive apnea associated with an arousal showed that only in RS infants were there significantly more obstructive apneas associated with an arousal over the entire SN than on the BN (P ϭ 0.038). Restricting that analysis to those obstructive apneas followed by an arousal was made problematic by the fact that many infants did not exhibit those patterns (i.e., 7/20 RB infants on their BN, 6/20 their SN, 9/15 RS infants on their BN, and 5/15 on their SN), but there was some indication of Partitioning obstructive apneas by duration revealed that there were significantly fewer of the short obstructive events on the BN compared with the SN in RS infants (see Table 2 ). They exhibited fewer obstructive apneas of 3-5.9 s on the BN overall (P ϭ 0.012) and during stages 1-2 and REM (P ϭ 0.028 and P ϭ 0.017, respectively). There were also significantly fewer apneas of 6-8.9 s overall (P ϭ 0.013) and during stages 1-2 and REM (P ϭ 0.021 and P ϭ 0.030, respectively). Obstructive apneas of Ͼ8.9 s were too rare for meaningful analysis; only 15 of 35 infants had obstructive apneas of Ͼ8.9 s and only 5 of those had apneas of Ͼ11.9 s and 2 of Ն15 s.
Periodic breathing. Bed sharing was associated with a higher frequency, longer mean duration, longer maximal duration and longer total duration of periodic breathing. In RB infants, there was a significantly higher frequency of periodic breathing on the BN, both overall and for stage REM. However, in RS infants there was a significantly higher frequency on the BN only in stage 3-4 (Fig. 3) . The amount of time spent in periodic breathing as a percentage of sleep stage time was significantly greater on the BN for RB infants during REM and stage 1-2, but again in RS infants only during stage 3-4 (Fig. 4) . This pattern (where RB infants were affected in REM and occasionally in stage 1-2 and RS infants in stage 3-4) was repeated, in large part, in the other measures of periodic breathing. The Table 1 . Significant differences are indicated with bold type and asterisk (P Ͻ 0.05). There was a significantly higher frequency on BN (vs. SN) during St 1-2 and REM, and overall for RB infants (* P Ͻ 0.05; ** P Ͻ 0.01) and a higher frequency on BN during St 3-4 for RS infants ( † P Ͻ 0.05). Additional analyses showed significantly greater frequencies in RB-BN compared with RS-SN groups ( ‡ P Ͻ 0.05). Abbreviations as in Fig. 1 . Fig. 4 . Mean %stage time spent in periodic breathing. There were significantly higher percentages of St 1-2 and REM, and overall on BN in RB infants and a higher percentage of St 3-4 on BN for RS infants. In addition, there was more time spent in periodic breathing in RB-BN group than in RS-SN group. Symbols for significance as in Fig. 3. See Fig. 1 mean duration of periodic breathing on the BN was significantly longer for RB infants overall and in REM. The longest occurrences of periodic breathing on the BN were greater only for RB infants in REM and stage 1-2. Comparison of the two groups in their routine conditions (RB-BN vs. RS-SN) showed that frequency was significantly higher for the RB group overall and during REM. A similar comparison for longest duration showed that the RB-BN group had significantly longer maximal durations in stages 1-2 and REM. The RB infants on their BN also had an overall longer mean duration than the RS infants on their SN, mainly due to an increase during stage 1-2.
DISCUSSION
This study suggests that the bed-sharing environment is associated with more central apneas, fewer obstructive apneas, and more periodic breathing in infants than is the solitary environment. During bed sharing, infants of both groups had a higher frequency of central apnea during stages 1-2 and REM (and overall). In RS infants, this largely reflected an increase in the shortest apnea (3-5.9 s) in stage 1-2; in RB infants, it reflected increases in apnea of 6-8.9 s during REM and of 9-11.9 s during stage 1-2. Therefore the bed-sharing environment seems to increase the occurrence of central apnea and may also have subtle effects on apnea termination. In contrast to central apneas, obstructive apneas were decreased by bed sharing, but only in RS infants who had a lower frequency overall and specifically in stages 1-2 and REM. Similar to central apnea, the change in the number of obstructive apneas was confined to shorter events (i.e., 3-5.9 and 6-8.9 s), although in this case the difference represented a decrease in frequency for those bins.
It is not yet apparent how bed sharing increases central apnea while decreasing obstructive apnea. However, it is noteworthy that the frequencies of obstructive apnea were generally decreased on either group's nonroutine night (RB-SN and RS-BN) compared with their routine night, even though the RB group's differences did not reach significance. This may indicate that changes in obstructive apnea are a response to the novelty of the sleep environment. Consistent with this speculation, there were no significant differences for any obstructive apnea variables between the two groups in their routine conditions.
The amount of periodic breathing was also significantly increased in both infant groups on the BN. RB infants had a higher frequency of periodic breathing and a longer mean duration over the entire night (overall) and specifically during REM, whereas RS infants exhibited more frequent periodic breathing only during stage 3-4. When the amount of periodic breathing was represented as minutes or as a percentage of each stage, there were relative increases on the BN (compared with SN) for RB infants overall (percentage of total sleep time), reflecting increases during stages 1-2 and REM, whereas RS infants had a higher percentage during stage 3-4 only. These significantly affected variables were generally found to be different between the two groups in their routine conditions as well.
To address possible mechanisms responsible for the differences in periodic breathing between groups and between sleeping conditions, it may be helpful to consider how the two groups responded to their nonroutine conditions relative to each other. For the periodic breathing variables, both groups responded to the nonroutine night by approaching the mean values seen in the other group on that night. That is, when RB infants slept solitarily, their means approximated those for the RS infants on their SN, and RS infants on their BN showed average values approaching those for RB infants on their BN. Therefore, unlike the relationships of the obstructive apnea variables, there is no indication of a novelty effect on the periodic breathing variables. Rather, it appears that the bed-sharing condition itself may exert facilitatory effects on periodic breathing that do not habituate. In support of this hypothesis are the findings of significant differences between the two groups in their routine conditions for most of the periodic breathing variables, indicating baseline differences between the two sleep environments.
Several physiological factors associated with the bed-sharing environment could be hypothesized to contribute to the apneic changes described in this report. Bed-sharing infants have a small but significantly higher axillary temperature than solitary sleeping infants (Richard, unpublished observations). There is some evidence suggesting that increases in body temperature may lead to more apnea and/or periodic breathing (7, 19) . Although axillary temperature is not always a good index of body temperature, it is certainly possible that our bed-sharing infants were slightly hyperthermic (compared with solitary sleeping infants), which could account for at least part of the increase in apnea-periodic breathing reported here. Higher ambient temperatures may also be associated with an increase in apnea frequency (1), but this is an unlikely explanation for our findings because the room temperatures were maintained at similar levels across groups and nights and were somewhat cool (20-21°C). In addition, there was less stage 3-4 and more stage 1-2 in both groups on the BN compared with the SN (27) . These differences in sleep architecture are not likely to account for our results, since the present data were expressed in frequencies (no. per hour of a sleep stage). In this same sample of subjects, prone infant positioning was minimized during bed sharing in both groups. This behavior (positioning) is not likely to affect apnea frequency or duration, according to at least three independent groups (13, 28, 35) .
Finally, the reported increase in infant arousals during bed sharing (25) may be important, since apneas are often associated with arousals. To address this possibility, the number of central and obstructive apneas associated with an arousal was expressed as a percentage of total central or obstructive apneas, respectively. There was no difference in the number of central apneas associated with arousal, either between nights or between groups, suggesting that the effects of bed sharing on central apnea and arousal are not tightly linked. There was, however, a significant difference in the percentage of obstructive apnea associated with an arousal, but only in RS infants in which there were more of these events on the SN compared with the BN. Because apneas followed by arousal are of clinical interest, those data were analyzed separately (data not shown), although many infants had no obstructive apneas followed by an arousal. As before, there were no significant differences for central apneas, but there was some indication of more obstructive apneas followed by arousal in the RB infants of their BN than in RS infants on their BN. The increase in the occurrence of all apnea-arousal events (either precedence) on the SN, compared with the BN, in RS infants may relate to the finding that the frequency of obstructive apnea on the SN was twice that on the BN in RS infants, whereas their arousal frequency also increased (nonsignificantly) on the SN (25) . Therefore the increase in the percentage of apnea and/or arousal events in the RS infants does not necessarily imply that the increase was due to any specific control mechanism, since the probability of a purely temporal association was also increased, and routinely bed-sharing infants did not exhibit the effect. In addition, caution should be used in the interpretation of these data, since they include arousals followed by apneas, which, especially for obstructive apneas, may not necessarily be ''true'' apneas. That is, some of the obstructive apneas measured in this study that follow an arousal may be an artifact of movements accompanying the arousal. There was no significant correlation between the amount of periodic breathing and the frequency of sleep stage shifts or the frequency of arousals in bed-sharing infants (data not shown).
Comparison of our findings with previously reported norms for infant apnea is problematic for several reasons. First, infant apnea has been defined with widely differing criteria. For example, apnea as short as 2 s were recognized by some investigators, whereas others required at least 6 s. Second, many investigators used wide ranges of infant ages, which almost certainly increased sample variability. Also, the majority of researchers used the quiet sleep and active sleep categories for infant sleep staging, probably because they also apply to the newborn. One factor that must be taken into account with these and any comparisons is the large range of values that has been noted in the literature (see Ref. 11 ).
There were many variables for which significant differences were found between the two groups in their routine conditions, especially for periodic breathing. These comparisons are interesting because they reveal yet more physiological differences resulting from a particular, commonly chosen child-care practice. In other words, if these results are replicated, they could modify current ''baseline'' or normative physiological values for infants who bed share. Taking into account the ecological and adaptive history of human sleep physiology and the fact that most of the world's peoples still practice some form of cosleeping, it can be proposed that solitary sleep represents a novel or modified sleep environment which might induce changes in infant sleep physiology. Although this does not necessarily mean that solitary sleeping is inherently deleterious or maladaptive, it does suggest that the modern cosleeping infant is, from an evolutionary perspective, in a more similar or ''expected'' environment. This perspective also includes the idea that the infant's physiological control systems almost certainly were designed (by natural selection) to respond to the presence of a cosleeping parent. This perspective is further strengthened by the fact that human infants are the most altricial of all mammals (18) , requiring intensive and extended parental caretaking to thrive and develop.
On the basis of epidemiological studies, some investigators have reported that bed sharing may increase SIDS risk. Mitchell et al. (24) reported, in their New Zealand study, that cosleeping with anyone (bed partner not defined) had a significant multivariate odds ratio for SIDS of 2.02, but, in subsequent analyses, that increase in odds ratio was attributed to their large Maori sample (23) and, further, to Maori mothers who smoke (33) . They also reported that bed sharing was not an independent risk factor in their non-Maori subjects and was not a risk factor for all nonsmoking groups (33) . The New Zealand results were replicated, in part, in England by Fleming et al. (6) in that they reported a significant odds ratio for bed sharing only in mothers who smoke. From the present study, it is impossible to surmise relative risk of SIDS between the bed sharing and solitary environments based on differences in central or obstructive apnea, since it is not yet clear how apnea relates to SIDS susceptibility. Many studies have addressed the incidence of central and/or obstructive apnea in high-risk infants and SIDS victims and produced conflicting results (8, 10, 12, 32) . Although a stronger case has been made for increased periodic breathing in SIDS victims and in high-risk infants (3, 14, 15) , these results also are called into question by other reports of no increase in periodic breathing (8, 12, 31) . Periodic breathing is thought by some researchers to indicate neurophysiological immaturity in the respiratory control system of infants (4, 30) , which could provide a conceptual link between the amount of periodic breathing and SIDS susceptibility. Therefore further studies are needed to determine whether the impact of bed sharing on infant respiration could affect SIDS risk significantly.
In conclusion, this study indicates that motherinfant bed sharing is associated with increases in infant central apnea and periodic breathing in a sleepstage-dependent manner. Most of these effects apparently reflect an immediate impact of the bed-sharing environment, suggesting that some physical feature of that environment (e.g., sensory exchange with the mother) can directly increase the occurrence of apnea. In addition, the expression of those bed sharing-related effects may depend on the routine sleeping condition of the infant, suggesting that routine bed sharing has long-lasting physiological consequences. This may, in turn, indicate that routine bed-sharing affects the development of the infant's respiratory control system. This study also extends the argument that the bedsharing environment is not equivalent to the solitary sleep environment, since the greatest differences were found between the two groups while sleeping in their routine conditions. We conclude that infant sleeping environment should be considered when interpreting data from infant sleep studies.
